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TITLE: Multiplying digital=to=analogue converter - has bias currents at current 
mirror outputs offset by corresponding bias currents at outputs of second 
current mirror 

Equivalent Abstract Text (1) : 

A multiplying digital - to -analogue converter circuit arrangement comprising a 
first current mirror arrangement constructed to generate currents -2(-l/l), 
-2( -2/1) , . . . . -2( -n/1) at first, second nth outputs respectively thereof in 
response to the application of a bias current Jl to an input thereof, where II 
is in a predetermined ratio to Jl, and a respective controllable switch coupling 
each said output to an output of the converter circuit arrangement, control 
inputs of said switches collectively constituting the digital signal input of 
said converter circuit arrangement, characterised in that the converter circuit 
arrangement includes a second current mirror arrangement constructed to 

generate currents 2(-l/2), 2(-2/2), 2(-n/2) at first, second .... nth outputs 

respectively thereof in response to the application of a current -32 to an input 
thereof, where 12 is in a predetermined ratio to J2, d.c. connections between 
the first, second, .... nth outputs of said second current mirror arrangement 
and the first, second nth outputs respectively of the first current mirror 
arrangement, a direct current source connected to the input of said first 
current mirror arrangement for applying the bias current Jl thereto, a direct 
current source connected to the input of said second current mirror 
arrangement for applying the bias current thereto which is such as to result in 
the generation of currents 2(-l/l), 2(-2/l),.... 2(-n/l) at the first, 
second... nth outputs respectively of said second current mirror arrangement, 
and an analogue signal current input connected to the input of said first 
current mirror arrangement. 



1 



© 



3 



Europaisches Patentamt 
European Patent Office 
Office eu rope en des brevets 



© Publication number: 



0 541 163A2 



© 



EUROPEAN PATENT APPLICATION 



@ Application number: 92203330.3 
© Date of filing: 29.10.92 



© int. ci. 5 : H03M 1/74 



© Priority: 06.11.91 GB 9123560 

© Date of publication of application: 
12.05.93 Bulletin 93/19 

© Designated Contracting States: 
DE FR GB 

© Applicant: PHILIPS ELECTRONICS UK LIMITED 
Philips House 1-19 Torrington Place 
London WC1E 7HD(GB) 

© GB 

@ Applicant: N.Y. Philips* Gloeilampenfabrieken 
Groenewoudseweg 1 



NL- 5621 BA Eindhoven(NL) 
© DE FR 

© Inventor: Hughes, John Barry, Philips 
Research Laboratories 
Cross Oak Lane 
Redhill, Surrey RH1 5HA(GB) 

© Representative: Andrews, Arthur Stanley et al 
PHILIPS ELECTRONICS Patents and Trade 
Marks Department Philips House 1-19 
Torrington Place 
London WC1E 7HD (GB) 



© Multiplying digital- to- analogue converter. 



© A multiplying digital -to -analogue converter is 
of the kind in which digitally weighted currents pro - 
portional to a voltage applied to an analogue input 
(19) are generated at respective outputs (3) of a 
current mirror arrangement (1), these currents being 
switched to an output (9) in accordance with the 
value of a digital signal applied to a digital input 
(11). In order that the converter can accommodate 
analogue input voltage of either polarity relative to 



ground and generate corresponding output currents 
a bias current is applied to the current mirror input 
(2) from a current source (15). This results in 
digitally weighted bias currents being generated at 
the current mirror outputs (3). These bias currents 
are offset by corresponding bias currents generated 
at respective outputs (6) of a second current mirror 
arrangement (4). 
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This invention relates to a multiplying digital - 
to -analogue converter circuit arrangement com- 
prising a current mirror arrangement constructed to 

generate currents -2~ 1 li , -2~ 2 li -2~ n li at first, 

second,. ...nth outputs respectively thereof in re- 
sponse to the application of a current Ji to an input 
thereof, where U is in a predetermined ratio to Ji , 
and a respective controllable switch coupling each 
said output to an output of the converter circuit 
arrangement, control inputs of said switches col- 
lectively constituting the digital signal input of said 
converter circuit arrangement. 

Known such converter circuit arrangements are 
disclosed in, for example, IBM Technical Disclo- 
sure Bulletin Vol. 24, No. 5, (October 1981) at 
pages 2342-2344, and in JP-A-61 -2427. Each 
of these known converter arrangements generates 
a current at its output when a current is applied to 
the current mirror input and at least one of the 
switches is closed, the output current being pro- 
portional to both the mirror input current and the 
number represented by the digital code constituted 
by the configuration of closed and open switches 
prevailing at the relevant time. The input currents 
to the current mirror arrangements of these known 
converters must always have a specific polarity if 
the mirror arrangements are to operate correctly, 
and it will be evident moreover that the output 
currents of these known converters always too 
have a specific polarity, whatever the value of the 
mirror input current and/or the configuration of 
open and closed switches actually is. 

In some possible applications for multiplying 
digital -to -analogue converts there is a require- 
ment that the converter be capable of operating 
with analogue input signal currents of either polarity 
and generating output currents having a polarity 
which is governed by that of the input signal cur- 
rent regardless of what the particular value of the 
converter digital input signal is at the relevant time. 
If an analogue signal current input is coupled to an 
input of the current mirror arrangement of either of 
the known converter arrangements and, moreover, 
a forward bias current is applied to an input of the 
relevant current mirror arrangement, then the cur- 
rent mirror arrangement can be made to operate 
with analogue input signal currents of either polar- 
ity. However, the converter output current will still 
always have the same polarity, regardless of the 
polarity of the input signal current. Addition of a 
fixed opposing bias current to the converter output 
current will not solve this problem because, al- 
though it makes possible the production of result- 
ing output currents of either polarity, these polarit - 
ies can only be correctly governed by those of the 
input signal current for one specific value of the 
converter digital input signal. 



In order to provide a solution to this problem in 
the case of generalized multiplying digital-to- 
analogue converters JP- A- 60 -241307 discloses 
a converter arrangement which includes two mu - 

5 tually identical complete multiplying digital-to- 
analogue converters. Both converters are fed with 
the same digital input signal at all times, i.e. their 
digital signal inputs are connected in parallel. The 
analogue input of the first converter is fed with both 

w an analogue input signal current and a bias current 
as postulated above, whereas the analogue input of 
the second converter is fed only with a bias current 
which is identical to that fed to the analogue input 
of the first converter. The analogue output current 

w of the second converter is sign - reversed and the 
result is added as a bias to the analogue output 
current of the first converter. Thus the biassing of 
the output current of the first converter is adjusted 
in accordance with the value of the digital input 

20 signal to the arrangement in such a way that the 
resulting output current (which constitutes the ar- 
rangement output) always has the correct sign re - 
lationship to the sign of the analogue input signal 
current to the arrangement. The effect on the out- 

25 put current of the first converter of the biassing of 
its input current is always exactly cancelled by the 
addition thereto of the sign - reversed output cur- 
rent of the second converter, regardless of the 
value of the digital input signal of the arrangement. 

30 The use of two complete multiplying digital - 

to -analogue converters in the arrangement of 
JP- A- 60 -241307 can be rather costly, and it is 
an object of the present invention to provide an 
arrangement which can give equivalent results with 

35 less complex circuitry. 

The invention provides a multiplying digital - 
to -analogue converter circuit arrangement of the 
kind defined in the first paragraph which is char- 
acterized in that it includes a second current mirror 

40 arrangement constructed to generate currents 

2~ 1 l2,2~ 2 l 2 2~ n l 2 at first, second nth outputs 

respectively thereof in response to the application 
of a current - J2 to an input thereof, where b is in 
a predetermined ratio to J 2 , d.c. connections be- 

45 tween the first, second nth outputs of said sec- 
ond current mirror arrangement and the first, sec - 
ond nth outputs respectively of the first -men- 
tioned current mirror arrangement, a direct current 
source connected to the input of said first -men - 

50 tioned current mirror arrangement for applying a 
bias current Ji thereto, a direct current source 
connected to the input of said second current mir- 
ror arrangement for applying a bias current thereto 
which is such as to result in the generation of 

55 currents 2" 1 h ,2" 2 li ,....2 _n li at the first, 

second nth outputs respectively of said second 

current mirror arrangement, and an analogue signal 
current input connected to the input of said first - 



2 



3 



EP 0 541 163 A2 



4 



mentioned current mirror arrangement. It should be 
noted that the presence of minus signs in front of 
some of the currents referred to and not in front of 
others, is to be understood to denote merely the 
relative polarities of the various currents and not 
their absolute polarities, the latter being dependent 
at will on whatever sign is chosen to be appropriate 
to denote, for example, the flow of conventional 
current into (as compared with out of) a node. 

Embodiments of the invention will now be de - 
scribed, by way of example, with reference to the 
accompanying diagrammatic drawings, in which 

Figure 1 is the circuit diagram of a simple first 

embodiment, and 

Figure 2 is the circuit diagram of a second 
embodiment which includes various refinements 
compared with that of Figure 1 . 
In Figure 1, a multiplying digital -to -analogue 
converter circuit arrangement comprises a first 
current mirror arrangement 1 having an input 2 and 
n outputs 3i ,3 2 ,....3 n , a second current mirror ar- 
rangement 4 having an input 5, n outputs 
61 ,62, ... 6 n and a further output 7, and n controllable 
switches 8i,82,..8 n which couple the outputs 
3i ,32, ....3 n respectively of the mirror 1 to the output 
9 of the converter arrangement. The switches 
8i,82,....8 n (which may be constituted by transistor 
switches) have control inputs 10i,102 10 n res- 
pectively which collectively constitute the digital 
signal input 1 1 of the converter arrangement. The 
outputs 3i,3 2 ,....3 n of the mirror arrangement 1 are 
d.c. -connected to the outputs 61,62 6 n resp- 
ectively of the mirror arrangement 4, and the fur - 
ther output 7 of the mirror arrangement 4 is d.c. - 
connected to the input 2 of the mirror arrangement 
1 . The input 5 of the mirror arrangement 4 is fed 
with a current -J 2 by means of a direct current 
source 12 connected thereto. This results in cur- 
rents 2~ 1 l 2 ,2 -2 l2,....2" n l 2 being generated at the 
outputs 61,62 6 n respectively of the mirror ar- 
rangement 4, and in a current J1 being generated 
at the further output 7, where l 2 is in a predeter- 
mined ratio R1 to J2, and J1 is in a predetermined 
ratio R 2 to J 2 . (R1 and R2 may or may not be equal 
to each other). To this end the sizes of the tran - 
sistors 13i,132 13 n whose drains feed the out- 
puts 61,62 6 n respectively are chosen in known 

manner to be in the ratios 2- 1 Ri,2 _2 Ri 2" n Ri 

respectively to the size of the diode -connected 
transistor 14 which is fed from the input 5, and the 
size of the transistor 15 which feeds the output 7 is 
chosen to be in the ratio R 2 to the size of the 
transistor 14. 

The output 7 of mirror arrangement 4 is used 
as a direct current source for supplying the input 2 
of mirror arrangement 1 with a bias current J1 . 
Mirror arrangement 1 responds to the bias current 
J1 by generating currents -2~ 1 li , -2~ 2 h - 



2" n li at its outputs 3i ,32 3 n respectively, where 

h is in a predetermined ratio R3 to J1 . (R3 may or 
may not be equal to R1 and/or R 2 ). To this end the 
sizes of the transistors 17i,172 17 n whose drains 

5 feed the outputs 3i ,3 2 ,....3 n respectively are chosen 
in known manner to be in the ratios 

2- 1 R 3 ,2- 2 R 3 2 _n R 3 to the size of the diode - 

connected transistor 18 which is fed from the input 
2. It is arranged moreover that under the conditions 

10 at present being described, i.e. with no current i 
passing to or from the input 2 of mirror arrange- 
ment 1 via a signal current input terminal 16, the 
currents generated at the outputs 6i,62,....6 n of 
mirror circuit 4 are exactly matched by those sunk 

75 at the outputs 3i,3 2 ,....3 n respectively of mirror 
circuit 1, so that no current will be transferred to 
the output 9 of the converter arrangement in the 
event of any of the switches 8 being closed. Thus 
it is arranged that I2 = I1 , which implies that 

20 R 2 .R3=Ri- The relative sizes of the transistors 
13,15,17 and 18 are therefore chosen so that this 
last condition is satisfied. 

If now a positive signal current i is applied to 
the signal current input 16 from a signal voltage 

25 input 19 via a high -value resistor 20 the current 
fed to the input 2 of mirror arrangement 1 will 
increase, resulting in mirror 2 attempting to in- 
crease the currents sunk at each of its outputs 3. 
Now if any of the switches 8 are closed this will 

30 result in current being drawn to the relevant 
output(s) 3 from the output terminal 9. If on the 
other hand the signal current is negative the op- 
posite effect will occur; the excess of the currents 
generated at the relevant outputs 6 of mirror 4 over 

35 that now being sunk by the relevant outputs 3 of 
mirror arrangement 1 will pass to output 9 via any 
closed switch 8. 

The input voltage applied to input 19 should 
obviously be referred to a voltage level lying mid - 

40 way between the potentials on the positive and 
negative supply rails 21 and 22 respectively, and 
the converter output current at terminal 9 should 
also be sunk/sourced at this voltage level. The 
latter can be conveniently achieved by connecting 

45 the terminal 9 to the so-called "virtual earth" 
inverting input of an operational amplifier provided 
with a feedback path from its output to its inverting 
input, this amplifier having its power supply input 
connected between the supply rails 21 and 22. 

50 In the embodiment of Figure 2 various com- 

ponents have been given, where appropriate, the 
same references as their counterparts in Figure 1. 

One way in which the embodiment of Figure 2 
differs from that of Figure 1 is that the current 

55 mirror 1 employs in known manner a group of 
interconnected transistors 30,31,32 and 33 instead 
of the simple diode - connected transistor 18 of 
Figure 1 , to obtain improved accuracy. Accuracy is 
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still further improved by providing the transistors 
17i -17 n with resistors 26i -26 n respectively in 
their source lines, providing the transistors 32 and 
33 likewise with source resistors 34 and 35 re- 
spectively, providing a further transistor 36 having 
a source resistor 37 in such manner that the series 
combination of its gate, source and source resistor 
is connected in parallel with the series combination 
of the gate, source and source resistor of transistor 
17 n and its drain is connected to earth (a potential 
midway between the potentials on the supply lines 
21 and 22) and providing a chain of series -con- 
nected resistors 27i -27 n between the negative 
supply rail 22 and the common point of the source 
resistors 26 n ,37, the ends of the source resistors 
26i -26 n _i which are remote from the source of 
the corresponding transistor 17 being connected to 
respective junctions between successive resistors 
of the chain 27i -27 n . The transistor 36 is identical 
to the transistor 26 n , and the transistors 30-33 are 
each twice the size of the transistor 17i (the latter 
meaning that the ratio R3 is unity in the embodi - 
ment of Figure 2). Provision of the transistor 36, the 
source resistors 26i -26 n ,34,35 and 37, and the 
chain of resistors 27i -27 n results in source de- 
generation, thereby improving the ratio matching of 
the binary weighted currents at the mirror outputs 
3i -3 n and also signal gain accuracy and noise 
performance. 

Another way in which the embodiment of Fig - 
ure 2 differs from that of Figure 1 is that it employs 
changeover switches 28i -28 n (which may be 
constituted by switching transistors) instead of 
simple switches 8. The various common points of 
the outputs 3 of current mirror 1 and the outputs 6 
of current mirror 4 are individually switchable by 
means of these switches between the inverting 
input of an operational amplifier 24 and earth in 
accordance with the digital signal applied to input 
1 1 . Amplifier 24, the output 29 of which constitutes 
the output of the converter, is provided with a 
negative feedback resistor 25, so that its inverting 
input (corresponding to the output 9 of Figure 1) 
constitutes a virtual earth. Thus each of the said 
common points is effectively returned to earth 
whatever the switching state of the corresponding 
switch 28 actually is. The reason that this is ar- 
ranged to be the case is that, if the arrangement of 
resistors 26i -26 n , 27i -27 n previously discussed 
is to operate correctly, the transistors 26i -26 n 
should have substantially equal source potentials. 
This implies that the transistors 26i -26 n must 
always be in the saturated state, and this is en- 
sured by arranging that the drains of these tran- 
sistors are effectively connected to earth (midway 
between the potentials on the supply rails 21 and 
22) whatever the switching state of the corre- 
sponding switch 28 actually is. 



It will be noted that the source of transistor 31 
is not connected to earth as would be expected in 
view of the fact that the input signal voltage applied 
to terminal 19 is referred to earth, but is shown 

5 connected to a potential +V. The effect of this is to 
make the voltage at input terminal 16 also +V so 
that, if the input voltage applied to terminal 19 is 
zero (relative to earth), a current I flows from ter- 
minal 16 to earth via resistor 20, where I = V/R, R 

10 being the resistance of resistor 20. The input cur- 
rent to current mirror 1 under these conditions, i.e. 
the input bias current to mirror 1 , is therefore J1 - 1, 
where J1 is the output current of a current source 
40 which takes the place of the transistor 15 of 

15 Figure 1 . The advantage of this is that, for a given 
supply voltage between the rails 21 and 22, the 
output current J1 of current source 40 can be 
increased over the maximum which would other- 
wise be permissible, permitting a larger input volt- 

20 age swing at input terminal 19 than could otherwise 
be accommodated. 

Obviously the reduction of bias current applied 
to the input of current mirror 1 entails a cor- 
responding reduction in the bias currents gen - 

25 erated at its outputs 3i -3 n , making necessary 
corresponding reductions in the bias currents 
generated at the outputs 61 - 6 n of current mirror 4. 
The last - mentioned reduction could, of course, be 
achieved by suitably adjusting the size of transistor 

30 14 relative to the sizes of the transistors 13i -13 n 
but, in the interests of symmetry, it is achieved in 
the embodiment of Figure 2 by arranging that the 
input 5 of current mirror 4 is supplied with bias 
current by means of a current source which for the 

35 most part is identical to the arrangement of tran - 
sistors 30-33, resistors 20,34 and 35, and current 
source 40 associated with the current mirror 1. 
Thus the current source 12 which feeds the input 5 
of mirror 4 (c.f. Figure 1) comprises an arrange - 

40 ment of transistors 41 -44, resistors 45-47 and a 
current source 48 which corresponds exactly to the 
arrangement of transistors 30-33 resistors 34,35 
and 20 and current source 40, both in respect of 
circuit configuration and identity of circuit compo - 

45 nents, with the exception that resistor 47 is con - 
nected to ground rather than to a voltage input 
terminal. Current source 12 also includes a further 
transistor 49 provided with an emitter resistor 50, 
identical to transistor 43 and resistor 45 respec- 

50 tively, the series combination of the gate -source 
path of transistor 49 and resistor 50 being con - 
nected in parallel with the series combination of the 
gate -source path of transistor 43 and resistor 45, 
and the drain of transistor 49 being connected to 

55 the input 5 of mirror 4. The input 5 is therefore 
supplied with a current -(J1 - I), thereby ensuring 
that the bias currents generated at the outputs 61 - 
6 n of mirror 4 have the required values if, as is the 
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case, the sizes of the transistors 13i,132 13 n are 

chosen to be in the ratios 2~\2~ 2 2~ n respec- 
tively to the size of the diode - connected transistor 
14, i.e. provided that Ri (c.f. the description with 
reference to Figure 1) is chosen to be equal to 
unity. 

It will be evident that, if desired, the transistors 
13i....13 n of Figure 2 may be provided with a 
resistor ladder network in their source circuits 
similar to the network 26i -26 n , 27i -27 n provided 
in the source circuits of the transistors 17i -17 n ,to 
improve the ratio matching of the binary weighted 
currents at the outputs 61 -6 n . If the arrangement 
is made symmetrical in this way then it can be 
made to operate satisfactorily with a balanced 
analogue input signal by the simple expedient of 
connecting resistor 47 to an antiphase input voltage 
terminal rather than to earth. 

It will also be evident that many modifications 
may be made to the embodiments described within 
the scope of the invention as defined by the 
claims. For example, many alternative circuit ar- 
rangements are possible in respect of the current 
mirror arrangements, e.g. those employing 
cascoded transistors and/or bipolar transistors. 

From reading the present disclosure, other 
modifications will be apparent to persons skilled in 
the art. Such modifications may involve other fea - 
tures which are already known in the design, 
manufacture and use of digital -to -analogue 
converters and component parts thereof and which 
may be used instead of or in addition to 
featuresalready described herein. Although claims 
have been formulated in this application to par- 
ticular combinations of features, it should be un - 
derstood that the scope of the disclosure of the 
present application also includes any novel feature 
or any novel combination of features disclosed 
herein either explicitly or implicitly or any 
generalisation thereof, whether or not it relates to 
the same invention as presently claimed in any 
claim and whether or not it mitigates any or all of 
the same technical problems as does the present 
invention. The applicants hereby give notice that 
new claims may be formulated to such features 
and/or combinations of such features during the 
prosecution of the present application or of any 
further application derived therefrom. 

Claims 

1. A multiplying digital -to -analogue converter 
circuit arrangement comprising a current mirror 
arrangement constructed to generate currents 

-2~ 1 li ,-2- 2 h -2" n li at first, second, ....nth 

outputs respectively thereof in response to the 
application of a current Ji to an input thereof, 
where h is in a predetermined ratio to Ji , and 
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30 



a respective controllable switch coupling each 
said output to an output of the converter circuit 
arrangement, control inputs of said switches 
collectively constituting the digital signal input 
of said converter circuit arrangement, char- 
acterized in that the converter circuit arrange- 
ment includes a second current mirror ar- 
rangement constructed to generate currents 
2- 1 l 2 ,2- 2 l 2 2" n l 2 at first, second nth out- 
puts respectively thereof in response to the 
application of a current -J 2 to an input there- 
of, where l 2 is in a predetermined ratio to J 2 , 
d.c. connections between the first, 
second,. ...nth outputs of said second current 
mirror arrangement and the first, second,.. ..nth 
outputs respectively of the first- mentioned 
current mirror arrangement, a direct current 
source connected to the input of said first - 
mentioned current mirror arrangement for ap - 
plying a bias current Ji thereto, a direct cur- 
rent source connected to the input of said 
second current mirror arrangement for apply - 
ing a bias current thereto which is such as to 
result in the generation of currents 
2 _1 li ,2 _2 li ,....2 n h at the first, second, ....nth 
outputs respectively of said second current 
mirror arrangement, and an analogue signal 
current input connected to the input of said 
first - mentioned current mirror arrangement. 



2. An arrangement as claimed in Claim 1, 
wherein said first - mentioned current mirror 
arrangement includes a respective transistor 
corresponding to each output thereof and also 

35 a further transistor, each said transistor having 

an input electrode, an output electrode and a 
common electrode, the input electrodes of all 
said transistors being commoned, the output 
electrode of each said respective transistor 

40 being connected to the corresponding output 

of said first - mentioned current mirror ar- 
rangement, the common electrodes of said 
respective transistors corresponding to the 
first, second,. ...nth outputs of said first -men - 

45 tioned current mirror arrangement being con- 

nected via respective resistances of value 2R 
to successive points on a chain of n resis- 
tances of value R followed by a resistance of 
value 2R, which chain extends from a first 

so reference potential point to the common elec - 

trode of said further transistor, and the output 
electrode of said further transistor being con - 
nected to a second reference potential point. 

55 3. An arrangement as claimed in Claim 2, 
wherein each said controllable switch is con - 
stituted by a changeover switch arranged to 
couple the corresponding output of the first - 
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mentioned current mirror arrangement to the 
output of the converter circuit arrangement and 
to a reference potential point as alternatives. 
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